Introduction
The prefrontal cortex (PFC) is in many respects the jewel in the crown of mammalian cortical evolution and development. The largest cortical area in primates, it reaches ontological maturity long after most other brain areas. Development of PFC is peculiar in a number of ways: changes in neuronal and synaptic density, dendritic length, and other changes in neuropil occur over a much longer postnatal period than in sensory cortex (Huttenlocher, 1979 (Huttenlocher, , 1982 Huttenlocher et al., 1993) ; the PFC is one of the last areas to begin myelination, and it may continue to myelinate throughout life (Yakovlev and Lecours, 1967) ; synaptic pruning in PFC in humans and in monkeys does not level off until puberty (Huttenlocher, 1979; Rakic et al., 1986) ; dopaminergic innervation of PFC reaches a peak in adolescence, declining in adulthood to pre-adolescence levels (Rosenberg and Lewis, 1994) . These neurobiological developmental changes appear to parallel cognitive and other functional changes. For example, neuropsychological tests sensitive to PFC cognitive function are difficult for children before adolescence (Milner, 1963; Piaget, 1963; Kirk and Kelly, 1986) . Performance in humans and monkeys on delayed response tasks, thought to be especially sensitive to PFC function, change from infancy to adulthood as tolerated delays become progressively longer (Diamond, 1990) . Piaget proposed that formal operations begin in adolescence, when it becomes possible to think in more abstract terms such as perceiving the relationship between the real and the possible (Piaget, 1963) .
The function of PFC has been shown to be intimately linked with other cortical regions in the performance of cognitive tasks (Goldman-Rakic, 1987; Desimone, 1996; Miller et al., 1996) . Several studies have shown impaired performance on delayedtasks in monkeys with lesions of PFC or of mesial temporo-limbic structures (MTL) (Karmos and Graystan, 1962; Mishkin and Manning, 1970; Waxler and Rosvold, 1970; Passingham, 1975 Passingham, , 1985 Zola-Morgan and Squire, 1985; Goldman-Rakic, 1987; Diamond, 1990) . Self-ordering tasks are markedly impaired in humans with frontal and temporal lobe lesions (Petrides and Milner, 1982) . However, impairment on these tasks after temporal lobe lesions alone becomes evident only if the mesial portion is damaged (Petrides and Milner, 1982) . These and other studies (Friedman and Goldman-Rakic, 1988; Kowalska et al., 1991; Desimone, 1996; Miller et al., 1996) suggest that PFC and MTL work together during delayed-type tasks.
It is obvious that if a particular neural network has to be recruited to perform a specific cognitive task, it is critical that the right connections between regions are established during development. Moreover, if a node of a network is damaged early in development, other nodes in the network may be affected. Thus, for example, pathology localized in MTL might affect development of PFC, and vice versa. This developmental scenario may be important in understanding the cognitive abnormalities associated with developmental disorders, such as epilepsy (McKenna et al., 1985; Weinberger, 1991) , phenylketonuria (Diamond et al., 1994) and schizophrenia (Weinberger, 1996) .
Proton magnetic resonance spectroscopy ( 1 H-MRS) makes it possible to study in vivo some aspects of brain biochemistry. In particular, 1 H-MRS detects signals arising from N-acetylcontaining moieties (mainly N-acetyl-aspartate, NA A). NA A is located within neurons (Urenjak et al., 1993) and has been shown to be a general measure of neuronal viability. In addition, its levels increase with maturation of the brain (Huppi et al., 1991 (Huppi et al., , 1995 Kreis et al., 1993; Toft et al., 1994; Hashimoto et al., 1995) , giving us the unique opportunity of studying in vivo some aspects of neuronal development. At relatively long echo time, 1 H-MRS also detects signals arising from choline-containing compounds (CHO) and creatine + phosphocreatine (CRE). The CHO signal ref lects brain choline stores, with major contributions from glycerophosphocholine and phosphocholine (Miller, 1991; Barker et al., 1994) . The CRE signal measures both creatine and phosphocreatine, metabolites involved in cellular energy metabolism. (Duyn et al., 1993) .
The purpose of the present study was to utilize 1 H-MRSI to assess whether neonatal ablation of MTL structures would alter PFC neuronal development in adult rhesus monkeys as assessed by measurements of NA A resonance signals. As a corollary of this possible developmental effect, the same anatomical lesion produced in adulthood should not produce the same effects.
Materials and Methods

Subjects
We studied 18 adult rhesus monkeys (Macaca mulatta). Six (age 5.6 ± 1.2 years; weight 6.4 ± 2.6 kg; three males and three females) had undergone bilateral surgical ablation of MTL structures including the hippocampus, parahippocampal gyrus, amygdala and entorhinal cortex within 3 weeks of birth; six (age 6.8 ± 1.4 years; weight 7.9 ± 2.4 kg; all males) had undergone the same surgical procedure at ∼5 years of age; and six (three males and three females) were normal controls, matched for age (6.9 ± 1.8 years) and weight (7.3 ± 1.8 kg).
Rearing Conditions
The six monkeys with neonatal lesions were born at the NIH animal center. They were removed from their mothers shortly after birth and initially reared in individual home cages. These cages allowed visual, auditory and some tactile communication between animals. They were handled several times a day and played daily in play-pens with their peers. Two of the control monkeys were reared in the same fashion. The other monkeys were acquired from the NIH animal farm and had a varied rearing environment. All monkeys had extensive training in a variety of behavioral tasks before taking part in this experiment (Bachevalier et al., 1990; Bachevalier and Mishkin, 1994; Malkova et al., 1995) .
At the time of this experiment the monkeys were housed in individual cages with food and water available ad libitum. They were kept on a 12 h light/dark cycle. All procedures were carried out following the NIH guide for the care and use of laboratory animals and under an approved NIMH animal study protocol.
Surgery
The neonatal lesions were performed aseptically in two stages with the left hemisphere removals made when the animals were between 5 and 10 days of age, and those on the right side made when they were between 15 and 23 days of age. Two-stage procedures were used to minimize the trauma to the infant monkey. Anesthesia was induced with i.m. injection of a 1:10 mixture of acepromazine and ketamine. The minimum dose of this mixture to ensure a deep anesthetic state was used and supplemented as required during surgery. Monkeys were also treated with atropine (0.04 mg/kg, i.m.) and dexamethasone (0.56 mg/kg, i.m.). Body temperature was maintained between 35 and 37°C by heating pads surrounding the animal. Heart rate and respiratory rates were monitored throughout the surgery. Surgical procedures for the adult monkeys were identical to those described for the infants except for the use of gas isof luorane (1-3%, to effect) as anesthetic. In addition, the limbic lesion was carried out in two monkeys in a single stage and in four monkeys in three stages. Surgery in the adult monkeys occurred >1 year prior to the beginning of this study (range 13-38 months).
The intended medial temporal removals were identical in both neonatal and adult monkeys. The rostral medial temporal area, including the amygdala and the entorhinal cortex, was approached by exposing the orbitofrontal cortex and elevating slightly the frontotemporal junction above the orbit to permit visualization of the temporal pole. Temporal lobe tissue medial to the anterior tip of the rhinal sulcus was entered with a small gauge sucker and, with the aid of an operating microscope, removed by aspiration. All tissue medial to the rostral two-thirds of the rhinal sulcus was removed. The hippocampus, parahippocampal gyrus and the posterior entorhinal region were exposed by elevating the cortex at the occipitotemporal junction. Tissue just medial to the occipitotemporal sulcus was removed with suction. The hippocampal boundaries consisted of the lateral bank of the occipitotemporal sulcus ventrolaterally and the roof of the ventricle dorsally. The wound was closed in anatomical layers. After surgery, the infant monkeys were given an s.c. injection of f luids (Ringers) and were kept in an incubator for 24 h. Adult monkeys were placed in an incubator until awake and monitored for 24-48 h before being placed back in their home cage.
Lesion Assessment
The intended medial temporal limbic lesion is shown in Figure 1 . As these animals are still alive, verification of the lesions were made by MR imaging with full reconstructions of the medial temporal limbic lesions. The lesions were for the most part as intended with the amygdala, entorhinal cortex, hippocampus and the parahippocampal gyrus removed. In two of the adult monkeys there was some residual entorhinal cortical tissue remaining. In two monkeys with neonatal lesions the amygdala was not totally removed. The size of the total removal as well as of the individual structures (e.g. hippocampus, amygdala and entorhinal cortex) was rated blindly in rank order fashion from smallest to largest for all monkeys. Examples of lesions are shown in Figure 2 . 
H-MRSI Procedure
All monkeys were anaesthetized before 1 H-MRSI with a 7:3 (v/v) mixture of ketamine HCl (100 mg/ml) and xylazine (20 mg/ml) (0.1 ml/kg, i.m.). The total time the animals were anesthetized was ∼2 h. The head was kept in a fixed position using a Tef lon stereotaxic instrument which does not allow any movement for the animal (also because the animals are anesthetized). All studies were performed on a conventional GE-SIGNA 1.5 Tesla MR imaging system (GE Medical Systems Milwaukee, WI) equipped with self-shielded gradients using the method of Duyn et al. (1993) . A 5-in. general-purpose surface coil was placed circumferentially over the head. After a sagittal localizer was obtained (fast spin echo, T R 3500 ms, T E 102 ms), an axial MR image 15 mm thick (SPGR, T R 18 ms, T E 9 ms) was obtained to ensure proper orientation of the head and localization of the spectroscopy slice at an angle of ∼+10°to the anterior commissure-posterior commissure line in order to maximize inclusion of the frontal lobes. Phase encoding procedures were used to obtain a 32 × 32 array of spectra from volumes in the selected slice. The number of averages was one. Each volume element (voxel) had nominal dimensions of 7.5 × 7.5 × 15 mm (0.84 ml). Actual volume, based on full width at half maximum (FWHM) after filtering of k-space, was 1.4 ml (Duyn et al., 1993) . The 1 H-MRSI sequence involves a spin echo slice selection with repetition time (T R ) of 2200 msec and echo time (T E ) of 272 ms, and includes suppression of water and most of the signal arising from lipids in skull marrow and in surface tissues. After completion of the 1 H-MRSI acquisition a set of coronal magnetic resonance images 1 mm thick (SPGR, T R 25 ms, T E 6 ms, FOV 11 cm, matrix 256 × 192) was acquired for examination of the MTL lesion and for performing volumetric measurements of the frontal lobes. Total duration of the exam was ∼1.5 h.
The raw 1 H-MRSI data were processed on Unix workstations (Sun Mycrosystems, Mountain View, CA) using proprietary software. First, the location of NA A, CHO and CRE peaks was automatically determined for all voxels. Voxels in which these metabolite signals could not be identified A rater blind to group status manually drew regions of interest (ROIs) on the coaxial magnetic resonance anatomical images and then transferred the ROIs automatically to the exact same location on the metabolite maps. ROIs were drawn bilaterally in the PFC (the region encompassing the dorsal and ventral convexities, orbital and medial prefrontal cortex), sensorimotor cortex (SMC) and centrum semiovale (CSO). Because of the angle of the 1 H-MRSI slice, it was not possible to reliably draw ROIs in posterior neocortical regions. Voxels that were contained within the anatomical ROI but not present on the metabolite maps were removed. Thus, the final calculations were performed only on voxels containing 1 H spectra. The program computed the average value of the area under each peak in all voxels within the ROIs on the metabolite maps. For assessing the reliability of the measurements, another rater, blind to group status, independently drew ROIs in the same regions in 10 randomly selected cases (intra-class correlation for all ROIs and for all metabolite ratios = 0.92)
Morphometry
The coronal MR images were used to calculate frontal lobe volume (FLV) by means of public domain NIH Image 1.57 software on a Macintosh computer. The software allowed automatic segmentation of the frontal lobe tissue from the surrounding tissues. The measurements were made on each slice rostral to the genu of the corpus callosum by a rater blind to group status. All measurements were executed bilaterally. The values obtained were then summed and multiplied by the thickness of the slice (1 mm) to produce estimates of the FLV in cubic centimeters.
Statistical Analysis
Differences between groups were tested separately for each metabolite ratio and for each ROI by a two-way repeated measures analysis of variance (ANOVA), with hemisphere (left or right) as the within-group factor, and group status [neonatal lesion (NL), adult lesion (AL) and normal control (NC)] as the between-group factor. Post-hoc analysis was performed by the Tukey honest significance difference test. Another ANOVA (side and group as factors) was used to assess differences in FLV between all subjects. Spearman rank correlation analysis was used to test for correlations between metabolite ratios and entorhinal damage, hippocampal/parahippocampal damage, total temporal lobe damage, FLV, age and weight.
Results
Figure 3 shows metabolite maps of NA A, CHO and CRE signal intensities with the coaxial MRIs of a normal control and representative spectra from PFC, SMC and CSO. In PFC, a significant effect of group for NA A/CRE was found (F = 6.8; df 2,15; P < 0.009). Post-hoc analysis showed that monkeys with neonatal lesions had lower NA A/CRE than both normal controls (P < 0.02) and monkeys with adult lesion (AL) (P < 0.01). Furthermore, the normal controls did not significantly differ from the AL monkeys. No significant differences were found for other metabolite ratios in PFC. No significant effect of side or interaction of side by group was found. No other statistically significant effects or interactions were found for any metabolite ratio in SMC or in CSO.
To evaluate whether the ratio changes seen in PFC of monkeys with neonatal lesions were a result of changes in the numerator or denominator terms, the mean integrated areas of NA A, CHO and CRE resonances were normalized to the corresponding mean integrated areas in CSO (i.e. NA A PFC/NA A CSO, CHO PFC/CHO CSO, CRE PFC/CRE CSO). We used the CSO as a reference because in a previous study (Bertolino et al., 1997a) its metabolite ratios showed the lowest coefficient of variation among several other ROIs. ANOVA showed a significant effect of group only for NA A PFC/NA A CSO (F = 5.2; df 2,15; P < 0.01). Post-hoc analysis revealed that monkeys with neonatal lesions had lower NA A PFC/NA A CSO than both normal controls (P < 0.1) and monkeys with adult lesions (P < 0.01). No significant effect of side or interaction of side by group was found. No significant effect or interaction was found for CHO PFC/CHO CSO and CRE PFC/CRE CSO.
There were no significant differences in FLV (mean ± SD for normal controls, monkeys with neonatal lesions and monkeys with adult lesions, respectively 2.6 ± 0.31, 2.3 ± 0.32, 2.6 ± 0.43) across the groups. There were also no significant correlations between metabolite ratios in any of the ROIs and entorhinal damage, hippocampal/parahippocampal damage, total temporal lobe damage, age, weight, and FLV across all subjects.
Discussion
The present study shows that neonatal removal of MTL areas affects prefrontal neuronal chemistry in adult monkeys as assessed by reductions of NA A ratios. The basis of this effect appears to be related to the timing of the lesion rather than to a simple loss of MTL connections, since analogous damage during adulthood does not produce the same effects as neonatal damage. The finding may have implications for understanding developmental aspects of prefrontal temporo-limbic connectivity and for the involvement of MTL structures and PFC in developmental disorders such as schizophrenia.
Several methodological points of the present study deserve discussion. The use of ketamine-HCl for anesthesia might be a potential confound. However, monkeys in each group received the same sedative agent during scanning. In addition, we have previously observed no differential effect of ketamine as compared with the other anesthetic agent, sodium pentobarbital, on 1 H-MRSI data (unpublished data). These repeated scans under a different anesthetic also partially address the issue of reliability in that the monkeys studied twice did not show any major difference. A more systematic study of the reproducibility of the technique was also performed in humans, demonstrating that the means of different group of subjects are fairly reproducible over time (Bertolino et al., 1997a) .
Another potential limitation of the study is the size of the voxels used. For factors such as subject positioning, volume selection and variations in anatomy, the use of small voxels (1.4 ml) is advantageous. It should be noted, however, that despite our small voxel dimensions they are still subject to considerable partial volume effects and do not adequately separate the cortical gray ribbon from the surrounding white matter, especially in a relatively small monkey brain. However, partial voluming is less likely to affect metabolite ratios since it affects both numerator and denominator terms of the ratio. Moreover, partial voluming applies to all ROIs on the dorsal cortical surface and to all metabolites, making it unlikely to affect only NA A relative signals and only in PFC. The voxel size used in this study did not allow us to be more specific in terms of anatomical localization. The partial voluming inherent in our technique also does not permit further differentiation of the various cortical regions within PFC. This potential limitation, however, may be less critical to our results because the different anatomical regions involved in the MTL lesions (amygdala, hippocampus, entorhinal cortex and parahippocampal gyrus) are all known to project to regions that we measured as PFC in our study (Rosene and Van Hoesen 1977; Porrino et al., 1981; Goldman-Rakic et al., 1984; Amaral 1986) .
In the present study we did not calculate absolute metabolite concentrations. Calculating metabolite concentrations represents a potential advantage over ratios in terms of sensitivity, especially if all metabolites are changed, but it is more subject to errors arising from changes in tissue volume and inhomogeneities in the magnetic field. However, we found reduced NA A/CRE and NA A PFC/NA A CSO in the PFC of monkeys with neonatal lesions together with no change relative to CHO/CRE, CHO PFC/CHO CSO and CRE PFC/CRE CSO. These results lead us to conclude that NA A and not CHO or CRE is responsible for the ratio reductions.
A final point to be addressed is the effect of early rearing conditions on brain development. It has already been shown that total social isolation in monkeys exerts long-term changes in cerebrospinal f luid (CSF) monoamine metabolites (Lewis et al., 1990) and alters the chemoarchitecture of the basal ganglia (Martin et al., 1991) . Monkeys separated from their mother early in life but reared with peers also showed changes in CSF monoamine metabolites (Kraemer et al., 1989) , suggesting that prior rearing environment might significantly affect brain development. Thus, although monkeys with neonatal lesions received social interactions with peers, we cannot rule out that the reduction of NA A levels in PFC areas in the monkeys with early medial temporal lobe lesions is due to deprivation from their mother at birth. However, this possibility seems unlikely because two of the six normal controls that were raised with the operated monkeys and were similarly deprived from their mother early in life, did not show changes in NA A levels.
Neurodevelopmental Implications
The physiological role of NA A in neurons has yet to be fully elucidated. As expected from the seminal studies of Tallan (1957) , which implicated an evolutionary increase in brain NA A concentrations, rhesus monkeys show lower NA A ratios than do humans (Bertolino et al., 1996 (Bertolino et al., , 1997a . NA A has been regarded as either a marker of neuronal density, of neuronal viability, or, recently, of neuronal dysfunction as observed in both clinical (Vion-Dury et al., 1995; De Stefano et al., 1995) and experimental investigations (Brenner et al., 1993; Rango et al., 1995; Falconer et al., 1996) . Also, preliminary data in humans suggest that NA A predicts other aspects of PFC function (Bertolino et al., 1997b) . NA A may have multiple functional roles (Tsai and Coyle, 1995) : it may serve as an intracellular anion pool, as a storage form of aspartate, both as a precursor and metabolite of N-acetyl-aspartyl-glutamate, and as an initiator of neuronal protein synthesis. It has also been proposed that NA A can have a role as a donor of the acetyl group for myelination during brain development (Tsai and Coyle, 1995) . Several 1 H-MRS studies have reported increases in NA A ratios or concentrations from infancy to adulthood, together with less consistent differences in CHO and CRE (Huppi et al., 1991 (Huppi et al., , 1995 Kreis et al., 1993; Toft et al., 1994; Hashimoto et al., 1995) . Since the number of neurons does not increase significantly after birth, it might be assumed that the increase of NA A can be related to maturational processes. The reduction of NA A ratios found in our study only in the PFC of monkeys with neonatal lesions may be consistent with this interpretation. MTL and PFC are connected both anatomically (Porrino et al., 1981; Goldman-Rakic et al., 1984) and functionally (see below) and, indeed, the reduction of NA A is not present in the PFC of monkeys with the adult lesion.
Early in development, there is an excessive number of neurons and synapses in the brain (Rakic, 1988) . Overproduction of neurons and synaptic contacts is biologically advantageous in that it reduces the genetic load that would otherwise be required for determining the enormous number of synapses. Some of these exuberant connections are stabilized by being incorporated into functioning systems. More labile contacts not incorporated into these systems regress. In determining which axons, dendrites and synapses will form and survive, axon growth enhancing factors target feedback in the form of humoral growth factors (Changeux and Danchin, 1976) , and neuronal electrical activity (Nowakowski, 1987) as well as the putative trophic effects of classical neurotransmitters (Mattson, 1988; Lipton and Kater, 1989) seem to be essential. These processes also make it possible for exuberant connections to survive and substitute for physiological ones that have been damaged (Bhide and Frost, 1992) . These developmental processes also make it likely that pathology localized to one of the nodes of a circuit will inf luence other areas in the circuit, especially if it occurs early in development. The present study suggests that the lack of target feedback from MTL structures prevents PFC from proper neuronal development, as shown by reduced NA A. In the absence of more definitive information about the meaning of NA A concentrations, it is difficult to speculate further about the basic developmental mechanisms involved.
Pathophysiological Implications
Although the function of PFC is far from completely defined, it appears to have a central role in accessing, maintaining and updating over time interval representations of relevant stimuli (working memory) (Goldman-Rakic, 1987) . A normally developed communication between PFC and MTL structures seems to be essential for adult prefrontal functions such as working memory (Friedman and Goldman-Rakic, 1988) . Several electrophysiological studies in awake behaving monkeys have shown that neurons in PFC, as well as in the hippocampal region, become activated during the delay period of a delayed-response task related to working memory (Fuster and Alexander, 1971; Kubota and Niki, 1971; Watanabe and Niki, 1985; Friedman and Goldman-Rakic 1988) . Furthermore, the response of the cells responsible for this activation becomes most apparent after sexual maturity (Goldman-Rakic et al., 1983) . Other studies have shown that lesions of the principal sulcus as well as of MTL structures impair the performance of adult non-human primates on working-memory related tasks (Goldman-Rakic and Rosvold, 1970; Goldman-Rakic et al., 1971a; Passingham, 1975; Zola-Morgan and Squire, 1985; Friedman and Goldman-Rakic, 1988; Mishkin 1993) . Moreover, monkeys with infantile lesions of PFC do well on such delayed-response tasks during childhood but lose this capability when they reach early adulthood (Tucker and Kling, 1967; Goldman-Rakic, 1971b ). The present data suggest that PFC function may be disrupted by the neonatal MTL removal. Although we are pursuing this further, no behavioral data are as yet available. However, other studies with similar groups of monkeys have shown socio-emotional disturbances following the neonatal lesion (Beauregard et al., 1995) that are more typically associated with adult PFC damage. Furthermore, in some of these animals PFC regulation of striatal dopamine release has been examined. In these studies, there was a significant disruption of the normal dopaminergic release after PFC stimulation in the group of monkeys with neonatal lesions only (R Saunders, B Kolachana, J Bachevalier, DR Weinberger, submitted for publication). Thus, there is evidence for PFC functional changes resulting from the neonatal lesions of MTL. These findings in the monkeys are consistent with a much larger database concerning neonatal hippocampal lesions in the rat. Such lesions also produce a spectrum of changes in prefrontal function when the rats reach adulthood including abnormalities of cognition (Lipska et al., 1996) , social behavior (Sams-Dodd et al., 1997) and gene regulation (Lillrank et al., 1996) .
Recently, altered development of PFC-MTL connectivity has been proposed to play an important role in the pathophysiology of schizophrenia (Weinberger 1996) . Many studies have implicated PFC and MTL structures in schizophrenia. Post-mortem neuropathological studies have shown abnormalities in the hippocampal region and PFC in the brains of patients with schizophrenia (Benes et al., 1986; Falkai and Bogerts, 1986; Jakob and Beckman, 1989; Jeste and Lohr, 1989; Arnold et al., 1991; Akbarian et al., 1996) . The most often observed changes include reduction in cortical volume and abnormal neuronal organization together with absence of dying neurons, inclusion bodies, other signs of inf lammation or degeneration, and reactive gliosis. Several single-voxel 1 H-MRS studies have been performed in schizophrenia (Buck ley et al., 1994; Nasrallah et al., 1994; Fukuzako et al., 1995; Maier et al., 1995; Renshaw et al., 1995; Yurgelun-Todd et al., 1996) reporting, not without controversy, reduction of relative NA A levels in the hippocampus, the mesial temporal lobes and the frontal lobes. We have performed 1 H-MRSI studies in patients with schizophrenia being treated with neuroleptic drugs (Bertolino et al., 1996 (Bertolino et al., , 1997a and in patients who were neuroleptic-naive (Bertolino et al., 1997c) . In these earlier studies, we reported a reduction of relative NA A levels bilaterally in the MTL structures and PFC of these patients. No differences were found in a number of other cortical and subcortical anatomical regions. The overall pattern of findings was more suggestive of a neurodevelopmental pathophysiology than a neurodegenerative one (Bertolino et al., 1996a) .
Altered connections in the aforementioned network could also be responsible for impairment of working memory which is often found in schizophrenia. In fact, the neuropsychological profile delineated by deficits in cognitive realms such as attention, memory and executive functions, together with milder impairments in some aspects of language and some types of visual spatial processing, implicates frontal and mesial-temporal dysfunction (Kolb and Whishaw, 1983; Taylor and Abrams, 1984; Goldberg and Gold, 1995) . Functional neuroimaging data also show participation of the MTL structures and PFC in the pathophysiology of the impaired working memory in schizophrenia (Weinberger et al., 1992) . The combined results of these studies suggest that in patients with schizophrenia, failure of the normally developed communication between the MTL structures and PFC might be decisive for some aspects of the disease. Our current 1 H-MRSI data in rhesus monkeys support the possibility that the NA A reduction in PFC in schizophrenia is a marker of a developmental defect of such connectivity.
In conclusion, early surgical ablation of MTL structures leads to abnormal development of PFC neurochemistry in rhesus monkeys. The finding may have implications for understanding developmental aspects of prefrontal temporolimbic connectivity and for the reduction of NA A observed in the hippocampal region and PFC of patients with schizophrenia. 
